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                                            ABSTRACT   





    Wepresentbroad-band1.1,1.6and2.2 µmimagesanda2.37 µmnarrow-bandimageoftheinner19 ″
ofthenearbyradiogalaxyM87,obtainedwiththeN earInfraredCameraandMulti-ObjectSpectrometero f
the HubbleSpaceTelescope (HST).Theisophotesofthebroad-bandimagesare almostperfectlycircular
towithinapproximately0.5 ″(~50pc)oftheactivenucleus,andan r¼-lawprovidesagoodfittothegalaxy
brightnessprofileatthesewavelengthstowithint hesamedistance.Thisresultagreeswithpredicti onsthat
thenuclearsupermassiveblackholewillproducea nearlysphericaldistributionofthesurroundingst ars
withinagalaxycrossingtime.Adifferenceimage formedfromthe1.6 µmimageanda V -bandimage
obtainedwiththeHSTWideFieldPlanetaryCamera2 doesnotshowanyclearevidenceofaphysically
thickdustytorusaroundthenucleus,consistentwi thitslackofstrongthermalmid-infraredemission .If
suchatorusispresent,ourdataindicateitsoute rradiustobe<50pc.Theinfraredbroadbandco lorsand
2.37 µmimage(whichissensitivetothestrengthofthe stellarCOabsorption)shownogradientstoa
distanceofapproximately5 ″(~400pc)fromthenucleus,andareconsistentwi thapopulationdominated
bylateMgiants,withnoevidenceofrecentstarf ormation.However,theglobularclustersinthisr egion
areconfirmedtoconsistofstarsbluerthantheun derlyinggalaxy,indicatingadifferentformationh istory.
Theimagesandassociatedcolorsalsoconfirmthat theregionsbeyondthenucleusdonotcontainstron gly
concentrateddust,incontrasttomanyotherradio galaxies.Incombinationwithotherrecentobserv ations,
theseresultsindicatethatM87representsthedyna micallyevolvedproductofpastgalaxymergers,and
suggestthatitsnucleusisinthefinalstagesof activity.


Keywords :galaxies:individual(M87)---galaxies:nuclei ---galaxies:photometry---infrared
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1. INTRODUCTION

  HubbleSpaceTelescope (HST)spectroscopyofM87hasprovidedstrongevid encethatitsactive
nucleusispoweredbyaccretionontoasupermassive (~2-4 × 10 9M

)blackhole(Harmsetal.1994;
Marconietal.1997;Macchettoetal.1997).This spectroscopicevidenceishoweverbasedonthe
kinematicsofacomplexsetofionizedandmoderate lydustyfilamentssurroundingthenucleus,and
extending~2 ′ awayfromit(Sparks,Ford&Kinney1993;Fordet al.1994;Sparksetal.2000).The
influenceofthecentralblackholeonthesurround ingstarsisconsequentlydifficulttojudgefromo ptical
data,althoughthepresenceofacuspinthenuclea rbrightnessprofilehasalreadybeennoted(Young etal.
1978;Laueretal.1992).Morerecently,Merritt& Quinlan(1998)havefoundthata~10 9M

blackhole
shoulddominatethestellarkinematicsofM87toa distance~250pcfromthenucleus,whichcorrespon ds
toascaleofapproximately3 ″,easilyaccessibletoHST 1.Testingsuchmodelsisbestaccomplishedby
observationsinthenearinfrared,wheretheoptica ldepthofdustislowerthanatopticalwavelength s.The
nearinfraredregionisalsorelativelyfreefroms trongnebularlineemission,suchasin[OIII] λλ4959,
5007andH α.Similarly,recentkinematicmappingoftheM87c oreregionhasrevealedirregularitiesthat
suggestthatM87formedviathemerger(s)ofsmalle rgalaxies(Pierce&Berrington2000),likesomeot her
giantellipticals.IfthenuclearblackholeofM8 7wereformedfromacoalescenceoftwoormorebla ck
holesacquiredinsuchmergers,theformationproce ssmightalsoproduce“stellarwakes”withisophota l
signaturesthatwouldalsobestbeseeninthenear infrared(seeFaberetal.1997).M87alsoshows a
relativedeficiencyofdustcomparedtoothergalax iesinitsclass(Sparksetal.2000),whichcanbe further
investigatedbymeasurementofitsinfraredcolors.   
____________________________________________________________________________________
1 FollowingCohen(2000)weadoptadistancetoM87o f16.3Mpc,whichisaweightedaverageofthe
estimatesofWhitmoreetal.(1995)andPierceeta l.(1994).Thecorrespondingscaleis75pcarcse c-1.
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 TheseconsiderationsmadeM87anaturaltarget forobservationswiththeNearInfraredCameraand
MultiobjectSpectrometer(NICMOS)followingitsins tallationonHSTinFebruary1997.Aspartofthe
NICMOSGuaranteedTimeObserverprogram,wethusob tainedimagesofthecoreregionofthegalaxyin
the JHK-analogfilters,aswellasamedium-bandfilterce nteredat2.37 µmandcoveringthestellarCO
(2,0)bands(see,e.g.,Olivaetal.1999;Ivanove tal.2000).Thisstudyisacompaniontoonewe
completedforthecoresoftwoothernearbygalaxie swithevidenceofnuclearblackholes,M31andM32
(Corbin,O’Neil&Rieke2001;hereafterCOR01),in whichNICMOSimagesinthe JHK-analogfiltersare
alsopresented.AsinCOR01,wefurthercompareou rF160W-bandimagetoarchivalWideFieldPlanetary
Camera2(WFPC2)imagestakeninthe V and I analogfilters,F555WandF814,  toexaminetheoptical-
infraredcolorofthecentralregionofthegalaxy andassessitsdustcontent.TheresultsofQuill en,Bower
&Stritzinger(2000)haveshownthatHSTF555W–F1 60Wimagesareagooddiagnosticofdustinthe
coresofellipticalgalaxies.Thisisparticularly importantforM87asitsproximityinprincipleal lowsthe
spatialresolutionoftheputativedustytorussurr oundingtheaccretingblackhole:unifiedmodelsof quasars
andradiogalaxiespredictthatthistorusmayexte nd~20–200pcforahole~10 9 M

(Urry&Padovani
1995).Strongmid-infraredemissionfromsuchato rusinM87hasnotbeendetected(Perlmanetal.
2001a).Inthefollowingsection,wediscussouro bservationsandreductions.In§3wepresentour results,
andconcludewithadiscussionofthemin§4.


2. OBSERVATIONSANDREDUCTIONS

  OurNICMOSobservationsofM87aswellasinfo rmationonthearchivalWFPC2 V band(F555W)
imagearesummarizedinTable1.Theimagesweret akenwithNICMOScamera2inMULTIACCUM
modeandinafour-stepspiralditherpattern.The fieldsizeofNICMOScamera2is19.2 ″,whichcovers
thecentralregionofM87outtoadistanceofappr oximately750pcfromthenucleusattheadopted
distancetothegalaxy.Weperformedwhatwebelie vetobeanoptimumreductionoftherawimages
throughtheuseofasetof“super”flat-fieldand darkcurrentframes,createdfromseriesofon-orbi tframes
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takencloseintimetotheseobservations.Wealso performedaskysubtractionforeachofthefinal
broadbandimagesusingameanskyvaluederivedfro masetofNICMOScamera2parallelfields(see
Corbinetal.2000),whichshouldprovideagoodap proximationtotheskylevelunderthegalaxy.Th e
imageswerefluxcalibratedfromobservationsofst andardstarsmadeon-orbit(Colina&Rieke1997) 2 ,and
weestimatethesecalibrationstobeaccuratetowi thinapproximately10%.NocorrectionforGalactic
extinctionwasmade,asthemapsofSchlegel,Finkb einer&Davis(1998)indicatethattheextinctionv alues
atthepositionofthegalaxyinthenearinfrared arenegligible.TheorientationofalltheNICMOS images
(degreesbywhichtheimagesarerotatedeastofno rth)is78.10º.TheparticularWFPC2F555Wimage
selectedfromthearchivewaschosenonthebasiso fhavingcomparabledepthtotheNICMOSimages,and
forbeingnearestintimetothem.
    Wedidnotattempttodeconvolvetheimagesfr omtheirpoint-spreadfunctions(PSFs),assuch
deconvolutionhasprovenproblematicforNICMOSima ges,particularlywithouttheuseof
astarspecificallyobservedfordeterminationoft hePSF(seeCOR01).Wedid,however,usesimple
GaussianconvolutionoftheNICMOSF160Mimagetom atchitsPSFtothatoftheWFPC2F555Wimage
asbestaspossible,andlikewiseconvolvetheNICM OSF110WandF160WimagestomatchthewiderPSF
oftheF222Mimageforthepurposeofmeasuringthe colorsinthosebands.Inallothercasestheim ages
werenotaltered,inordertopreservetheirresolu tion.
   StandardstarswereobservedintheNICMOSF110 WandF160WfiltersonthesamedatethattheM87
imagesinthesefilterswereobtained.Weexperime ntedwithscalingandsubtractingthesestandardst ars
fromtheM87nucleuswiththehopethattheresults wouldrevealmorestructureinthenuclearregion.
However,forboththeF110WandF160Wimagesthere sultsofthesesubtractionsshowedstrongresidual
structureatthescaleoftheimagepoint-spreadfu nctions,whichweattributetoacombinationofeff ects
includingdifferencesbetweentheorientationangle satwhichthestarsandM87wereobserved(evenaf ter
rotationandalignment),anddifferencesbetweenth epositionsofthestarsandtheM87nucleusonthe
detector.Wearethusunabletoobtainreliablein formationfromtheseimagesaboutthenuclearregio nof
thegalaxyatscaleslessthan~0.5 ″.
_____________________________________________________________________________________
2 seealso http://www.stsci.edu/instruments/nicmos
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3. RESULTS

3.1 Images

    AcolorcompositeoftheNICMOSF110W,F160W andF222MimagesisshowninFigure1.The
faintredripplesareaconsequenceofthewiderPS FoftheF222Mimage.Theredspotattheupperle ftof
theimageistheNICMOScamera2coronagraphichole ,whichisemissiveintheF222Mfilter.Inadditi on
tothebasicsymmetryofthegalaxy,thenotablefe atureoftheimageisthebluenessoftheglobular clusters
relativetotheunderlyinggalaxy.Wepresentmore detailsonthisresultbelow.Thereisalsonoev idence
ofanylocalizedorcircumnuclearstarformation.
 Figure2presentstheF237Mimage.Thecorona graphicholeisagainevident.Thisimagelacksth e
depthofthebroadbandimages,asevidencedbythe residualflat-fieldpatternatitsedges.Theimpo rtant
featureofthisimagehoweveristhelackofastro nggradientinintensityawayfromthenucleus,ind icating
thatthereisnostronggradientinthestrengthof thestellarCO(2,0)bands.Asafurthercheckof this
result,wetooktheratioofthisimagetotheF222 Mimage,whichcoverstheadjacentcontinuum,anda lso
foundnoevidenceofaradialgradient,orofanyr egionsofenhancedCO(2,0)emission.Theseresult s
agreewiththelackofbroadbandcolorgradientsin theregionofthegalaxyimaged,whichwepresent in§
3.2.
   InFigure3wepresentcontourplotsoftheF1 10W,F160WandF222Mimages.Thenearlyperfectly
circularnatureoftheisophotesisstriking.Web egantheisophotesapproximately0.5 ″(50pc)fromthe
nuclearpeak,toavoidtheAiryringsofthenuclea rPSF.Nonetheless,evenatsuchsmalldistancest hereis
noevidenceofadeparturefromanalmostperfectly symmetricdistributionofthegalaxylight(thesm all
kinksintheisophotesintheverticaldirectionan datthemidpointoftheplotsareanartifactoft he
boundariesbetweenthedetectorquadrants,whichca nnotberemovedinthereductionprocess).
   Asafurthertestoftheremarkablecircularity evidentinthecontourplots,wemeasuredtheelli pticityof
theisophotesusingtheIRAF.STSDAStask“ellipse,” inwhichtheellipticityofeachisophoteisdefin edas
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[1–(minoraxis/majoraxis)].Thiswasdoneaft erfirstremovingthejetknots,globularclusters and
coronagraphicholefromtheimageswithquadratici nterpolationbetweenthesurroundingpixels.The
resultsareshowninFigure4,whichcomparesthee llipticitymeasurementsintheF110W,F160Wand
F222Mfiltersversusdistancealongthesemi-major axis.Thisplotshowsthatevenwiththeimperfect
removalofthejetknotsandcoronagraphichole,th edeviationoftheisophotesfromperfectcirculari tyisat
most~10%andistypically~1%-2%beyondapprox imately3 ″fromthenucleus.
  Figure5showsthedifferenceimageformedby subtractingtheNICMOSF160Wimagefromthe
WFPC2F555Wimage.Thisimagewasproducedafterf irstre-samplingtheF160Wimagetothesame
pixelscaleastheF555Wimage,thenrotatinganda ligningtheimagesatthepositionofthenucleus. As
notedin§2,wealsoiterativelyconvolvedtheF16 0WimagetobettermatchtheresolutionoftheF555 W
image,asdeterminedbythePSFofthenucleus.Ob tainingquantitativeinformationfromthisdifferen ce
imageisproblematic,asthePSFmatchingprocessi simperfectandcanintroducesmallgradientsinto the
finalimage(seeCOR01).Somewhatsurprisingly,th eimagedoesnotclearlyshowthefaintdustfeatur es
seenintheemission-lineandcontinuumimagesofS parksetal.(1993),Fordetal.(1994)andSparks etal.
(2000),althoughothercolordifferences,e.g.int hejet,areevident.Giventhatthedustinthisr egionisnot
stronglyconcentrated,thismaybeanartifactoft heimperfectPSFmatching,i.e.diffusefeaturesha vebeen
smearedout.Contaminationoftheopticalcontinuu memissionbythe[OIII] λλ4959,5007linesisalsoa
concern,asthespectroscopyofHarmsetal.(1994) indicatesthattheymaycontributeupto~70%of the
emissioninthisbandneartheM87nucleus.Wethe reforealsocomparedtheF160Wimagewithan
archivalWFPC2F814Wimage,whichalthoughcloseri nwavelengthtotheF160Wimageisfreeofstrong
lineemission.Theresultwasverysimilartothe F555W–F160Wimage,inthatnostrongdustfeature sare
seen,althoughpatchesofdustshowupfaintlyint heF814WandF555Wimagesalone.Emissionin[OII I]
λλ4959,5007isthusnotlikelytodominatetheF555W –F160Wimage,andweconcludethattheM87
coredoesnotcontainconcentrateddustattheleve lofsomeoftheearly-typegalaxiesinthesample of
Quillenetal.(2000),ormanylow-redshiftradiog alaxies(e.g.Marteletal.1999,2000;Perlmanet al.
2001c).
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ThereisnoclearevidenceinFigure5(orint heF814W–F160Wimage)ofacompacttorusofdust
surroundingthenucleus,whichifphysicallythick wouldshowupasanellipsearoundthenucleusthat is
lighterthanthesurroundingstars.However,theF ordetal.(1994)imagesshowthe[OIII] λ5007emission
tobestrongwithin1 ″ofthenucleus,sothedetectionofsuchatorusi sagainsubjecttotheamountof
contaminationintheF555Wimagebythisline(asw ellastheresidualdifferencesbetweentheimage
PSFs).Assuminghoweverthatthedetectionofato ruswerepossiblewiththesedata,thenFigure5
indicatesitsouterradiustobe<50pc.TheF55 5W–F160Wcolorsofthejetknotsarequalitativel y
consistentwithsynchrotron-dominatedemission,as foundfromHSTWFPC2andNICMOSimages
coveringthenucleusandfurtheralongthejetaxis byPerlmanetal.(2001b).

                                               3 .2ColorandBrightnessProfiles

  InFigure6wepresentthecolorsformedfrom theF110W,F160WandF222Mimages,azimuthally
averagedaroundthenucleus,andmeasuredonaVega magnitudescale.Thesecolorswerebegunata
distancelargeenoughtoavoidthenuclearpeakand theregionaffectedbythedifferencesinthefilt erPSFs,
andtracedouttoadistanceofapproximately5 ″(400pc)fromthenucleus,beyondwhichtheassoci ated
errorsbecameverylarge.Thesecolorsareclearly constanttowithintheassociatederrors.Usingt hestellar
spectrallibraryofBruzualasimplementedintheI RAF.STSDASpackage“synphot”(Whiteetal.1998),w e
findthatthesecolorsarebestmatchedbyM4III- M5IIIstars,andthereisthusnostrongevidence of
recentstarformation.Thebrightglobularcluster locatedapproximately6 ″southofthenucleushascolors
bluerthanthesevaluesby~0.2-0.3magnitudes, dependingontheamountofcontaminationfromthe
underlyinggalaxy,andbestcorrespondstoapopula tiondominatedbylateG/earlyKmainsequencest ars.
Thisisconsistentwiththestudyoftheglobularc lustersinthecoreofthegalaxybyKunduetal.( 1999),
whichrevealsapopulationofrelativelyblueclust ersintheregion.
 Theazimuthally-averagedgalaxybrightnesspro fileoftheF160Wimage(fromwhichthejetemissio n
andglobularclustershavebeenremoved)isshowni nFigure7.MotivatedbytheresultsofLauereta l.
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(1992),whofindthatan r¼ -lawfitsthedeconvolved V and I-bandHSTPlanetaryCameraimagesofM87
within3 ″ofthenuclearpeak,weappliedadeVaucouleurs r¼ -lawoftheform

                                                          I ( r)= I0 exp{-7.688[( r/r0 ) ¼ -1]}

tothisbrightnessprofile,usingtheIRAF.STSDASt ask“nfit1d,”andfoundthatagoodfitcanbeobta ined.
SimilarprofilesandfitswereobtainedfortheF11 0WandF222Mimages.Thisresultisconsistentwi th
thatofLaueretal.(1992),andprovidesfurthere videnceofacuspinthestellarlightassociatedw iththe
nuclearblackhole,insofarasthereisnoevidence ofaflatteningofthebrightnessprofiledownto scales~
50pc.


4. DISCUSSION

                                                         4.1TheDynamicalStateoftheM87Core

  Thestrongcircularsymmetryofthestellaris ophotesofM87(Figs.3and4)andtheapproximate fitofa
simplefunctionalformtoitsbrightnessprofile(F ig.6)isconsistentwiththemodelsofMerritt&Q uinlan
(1998)thatsupermassiveblackholescan,depending onthemassoftheirhostgalaxy,produceanearly
sphericalshapeinthestellardistributiononthe orderofagalaxycrossingtime.Thissymmetryis uponfirst
considerationinconsistentwiththeevidenceofthe kinematicirregularitiesfoundbyPierce&Berring ton
(2000)forthestarsinthisregion.However,thes ekinematicirregularitiesare~10%,intermsoft heir
deviationfromapureGaussianmodelofthevelocit ycross-correlationfunction,andthusmaynothave a
strongphotometricsignature.ThePierce&Berring ton(2000)resultsmayalsobeaffectedbydust
extinctionwithinthegalaxy.Suchsphericaldistr ibutionscanalsoretainsmallanisotropiesinthe stellar
kinematicsassociatedwiththehole,asfoundforM 87byMerritt&Oh(1997).However,additional
evidencethatM87formedfromthemergeroftwoor moregalaxiesisprovidedbythebimodalcolor
distributionofitsinnermostglobularclusters,su ggestingdifferentformationhistoriespossiblyrel atedto
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merging(Kunduetal.1999).Kobayshi&Arimoto(1 999)alsofindverysmallmetallicitygradientswit hin
M87andotherellipticalgalaxies,whichisinconsi stentwithmonolithiccollapsemodelsoftheirform ation.
Ourdataareconsistentwiththeseresults,givent hatwefindnoevidenceofastellarpopulationgra dient
withinthecoreregion,andweconfirmthattheglo bularclustersinthisregionhavedifferentcolors thanthe
underlyinggalaxy.Similarly,thelackofevidence of“stellarwakes”producedbyseparateblackhole sina
coalescencemodelforthenuclearblackholealsoa rguesagainstrecentformationforthelatter,alth ough
againthephotometricstrengthofsuchfeaturesis uncertainandthetimescales,particularlyforthe accretion
oflow-massgalaxiesbyellipticals,areshort(see ,e.g.,Hernquist&Quinn1988).


4.2 ConstraintsontheNuclearTorus

   Thelackofclearevidenceofadusttorusfrom theF555W–F160WandF814W–F160Wimagesis
consistentwiththelackofstrongthermalmid-infr aredemissionfromthenucleusreportedbyPerlman etal.
(2001a).Thisisincontrasttoevidenceofsucht oriinothernearbyradiogalaxiesincludingCentau rusA
(Rydbecketal.1993;Mirabeletal.1999)andCygn usA(Conway1999;Radomskietal.2002),bothof
whichhaveratiosofnuclearmid-infraredtoradio emission~10 3timeshigherthanthatobservedinM87.
However,thesizelimitweinferfortheM87torus isconsistenttowithinanorderofmagnitudewith the
theoreticalpredictionsforitssize(see§1),so atorusmaystillbepresentbutissmallrelative totheCenA
andCygAtori.Amorespeculativeinterpretation wouldbethatthistorus,aswellasthebroad-line region
thatitformerlyshielded,isbeingaccretedbythe blackholeaspartofthelastphaseofitsactivi ty.


4.3 ComparisontoOtherRadioGalaxiesandtheEvol utionary
StateoftheNucleus

    HSTobservationsofotherradiogalaxiesinclu ding3Csources(e.g.Marteletal.1999;2000;Sp arkset
al.2000;Perlmanetal.2001c)haverevealedthem totypicallycontainlarge-scale(~10 2 –10 3 pc)dust
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disksorientedroughlyperpendiculartotheirjeta xes.OurresultsconfirmthatM87differsfromthe se
objectsinthatnoevidenceofsuchadiskisseen ineithertheNICMOSimagesortheassociatedcolor s.
M87standsinparticularcontrasttoitslocalcoun terpartsCenAandCygA,notonlyinthemid-infra red
propertiesofitsnucleusbutintermsofitslarge -scaledustcontent.Takentogether,theseresults suggest
thatM87isolderthanotherlocalradiogalaxies, oratleastunderwentanymajormergersrelatedto its
nuclearactivitylongerago.Inadditiontoitsl ackofstrongmid-infraredemission,twofactsalso suggest
thattheM87nucleusisinthelaststagesofitsa ctivity.First,theestimated~10 9M

massofthenuclear
blackholeiscomparabletothoseestimatedforlum inousquasars(e.g.Laor2000),yettheM87nuclear
luminosityislowerbyseveralordersofmagnitude, indicatingacomparabledifferenceinitsaccretio nrate.
Second,thelackofrecentstarformationinthenu clearregionevidencedbythegalaxy’scolors(§3. 2)will
alsodeprivethecentralblackholeofmassshedby early-typestars,whichhasbeenproposedasan
importantsourceoffueltoAGNs(Norman&Scovill e1988).Withoutamajor“refueling”eventsuchas
thecannibalismofasmallergalaxyintheVirgocl uster,theM87nucleusthusappearstobeonitswa yto
quiescence.
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                                                                              TABLE1

                                                      SUMMARYOFOBSERVATIONALDATA

  Instrument        Filter  CentralWa velength( µm)      IntegrationTime(s)      UTDate
                                                                                                                                              (m/d/y)

  NICMOS       F110W              1.1 02                                    96                      11/20/97
       “                F160W              1.593                                    32                            “         
          “                F222M              2.216                                    128                            “
        “                F237M              2.369                                    192                            “
  WFPC2          F555W              0 .525                                   230                       5/27/95
_____________________________________________________________________________________
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                                              FIGURECAPTIONS  



FIGURE1.–ColorcompositeoftheF110W,F160Wand F222MfilterimagesoftheM87core,where

theseimageshavebeenloadedintotheblue,green andredcolorchannels,respectively.Theredspo tin

theupperleftoftheimageisthecamera2coronag raphichole,whichisthermallyemissiveintheF22 2M

filter.

FIGURE2.--Gray-scaleplotoftheF237Mfilteri mage.Thelighterregionsattheedgesoftheimag eare
theresultofimperfectflatfielding.Thedarks potattheupperleftisthecoronagraphichole.

FIGURE3.–ContourplotsoftheF110W,F160Wand F222Mfilterimages.Imageorientationisthe
sameasFigures1and2.Contourswerebegunwell belowthenuclearpeak,andareonalogarithmicsc ale
withintervalsof0.05dex.Thelogofthefluxv aluesoftheinnermostcontoursare(inergss -1 cm -2 Å -1) 
-17.55(F110W),-17.65(F160W)and-18.40(F222M). Thecoronagraphicholeisagainvisibleinthe
F222Mimage. 

FIGURE4.–Comparisonoftheellipticityparameter anddistancealongthesemi-majoraxisforthe
F110W,F160WandF222Mimages,afterremovalofthe jetknots,globularclustersandcoronagraphic
holebyinterpolation.Theexcursionsintheseval uesnear0.7 ″and2 ″areduetotheimperfectremovalof
thejetknots,andinthecaseoftheF222Mimaget heimperfectremovalofthecoronagraphicholeprod uces
theexcursionsat11 ″-12 ″.

FIGURE5.–F555W-F160Wdifferenceimage.Darker regionsarebluer,lighterregionsareredder.
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FIGURE6.–Azimuthally-averagedNICMOScolorprofi lesoftheinner5 ″ofM87.ValuesareonaVega
magnitudescaleandrepresentaverageswithinconce ntriccircularannuliof0.2 ″centeredatthenucleus.
Errorbarsrepresentthe1 σdeviationofindividualpixelswithineachannulus .

FIGURE7.--Azimuthally-averagedbrightnessprofi leoftheF160Wimage(opensquares).Thesolidli ne
representsthebestfitofadeVaucouleurs r¼ -lawtotheprofile.
